Effect of continuous illumination (LL) on ovarian functions was compared at various ages between the rats exposed to LL from 70 days of age (LL-70) and exposed to LL from the day of birth (LL-0).
Synopsis
Effect of continuous illumination (LL) on ovarian functions was compared at various ages between the rats exposed to LL from 70 days of age (LL-70) and exposed to LL from the day of birth (LL-0).
LL-0 rats retained corpora lutea in their ovaries in higher incidence than LL-70 rats. Effect of reserpine on the restoration of cyclicity was studied in LL-0 and LL-70 rats shortly after they became persistent-estrous.
LL-0 rats restored cyclicity in higher incidence than in LL-70 rats.
Exposure of adult female rats to continuous illumination brings about persistent estrus which is characterized by prolonged vaginal cornification, failure of spontaneous ovulation and cystic follicular ovaries devoid of corpora lutea (see the review by Reiter and Fraschini, 1969) . Ovarian weight and gonadotrophin secretion in these rats were gradually reduced as the exposure time to constant light elapsed (Honma et. al., 1972; Lawton and Schwartz, 1967) .
However, Takahashi and Suzuki (1969) and Takeo et al.(1974) reported that the rats exposed to LL from the day of birth were not so susceptible to constant illumination in manifestation of persistent estrus as the rats subjected to LL from advanced ages. In the present experiment, ovarian morphology was compared between the rats exposed to LL from 70 days of age and from the day of birth. The responsiveness to reserpine which is believed to modify gonadotrophin secretion (Ganong, 1972) and levels of biogenic amines in central nervous system (Bertler et al., 1956 ; Shore et al., 1955) was also investigated in persistent estrus rats of LL-70 and LL-0.
Materials and Methods
Wistar female rats were used. To obtain LL-0 rats, pregnant rats were kept in a continuous lighting condition, and the pups were raised in the similar conditions. Adult female rats exhibiting 4-day estrous cycle were transferred to constant light regimen when the animals reached 70 days of age (LL-70). The light source was white fluorescent lamps (about 500-600 lux). Daily vaginal smears since the opening of the vaginal orifice were examined at 10-11 a.m. until the day of sacrifice.
Totally 23 of LL-70, 24 of LL-0 and 20 of control (12 hours light-12 hours darkness) rats were sacriries and uteri were weighed. The ovaries were fixed in Bouin's sol., cut in paraffin and stained with hematoxylin and eosin and were examined histologically.
Eleven LL-70 and fourteen LL-0 rats which came to show continuous estrus for ten days were injected with reserpine subcutaneously once a day for 2 days. Daily dose of reserpine was 1mg/kg body weight. Eleven rats in both groups were sacrificed 2 to 3 weeks after the first injection of reserpine. Three of LL-0 rats similarly treated were kept for 32-47 
Results
As shown in Table 1 , in LL-70, the percentage of rats having the ovaries with corpora lutea was gradually reduced in proportion to the duration of exposure to light. On the other hand, in LL-0 rats, corpora lutea in addition to follicles were found in all animals until 140 days of age. In 2 of 4 LL-0 rats at 180 days of age, no corpora lutea were found. Incidence of persistent estrus at 100 ,120, 140 and 180 days of age is shown in Table 1 . Incidence of vaginal cornification in LL-0 rats was always lower than LL-70 rats until 140 days of age. Vaginal smear of LL-0 and LL-70 rats from 70 days of age is shown in Fig. 1 . The onset of persistent estrus in LL-70 rats was significantly earlier than that of LL-0 rats (PC 0.01).
The ovarian weight in LL-0 rats was significantly heavier than in LL-70 rats at 100 days of age, but not at 180 days of age (Fig. 2) . The ovarian weight in control rats kept in cyclic illumination (12L-12D) was significantly heavier than in LL-70 rats throughout the period of experiment, but not in LL-0 rats at 100, 120 and 140 days after birth (Fig. 2) .
In the ovaries of LL animals, the interstitial tissue and oocyte were observed as normally as intact rats at any age examined. All the LL-0 rats at 100 days of age and 3 of 5 rats at 120 days of age had both well-developed and degenerating corpora lutea (Fig. 3 and 4) . However, in 3 of 7 LL-70 rats at 100 days of age and none at 120 days of age, the ovaries contained corpora lutea appearing normal (Fig. 5) . A higher magnification of Fig. 5 is demonstrating the absence of healthy luteal cells (Fig. 6 ).
Only small (or degenerating) corpora lutea were found in LL-0 rats at 140 days of age (Fig. 7) and no corpora lutea in those at 180 days of age and most of the ovaries had cystic follicles in addition to growing follicles (Fig. 8) .
As shown in Fig. 9 and Table 2 , reserpine injection into persistent-estrous rats treated with LL-70 or LL-0 schedule caused unanimous interruption of persistent-estrous smear. Nine of 11 LL-70 rats soon returned into persistent estrus or prolonged estrus after 2-5 days of diestrous period. The remaining 2 recurred estrous cycles until sacrifice. On the other hand, most of the LL-0 rats resumed estrous cycles after reserpine injection. Two of 11 LL-0 rats exhibited a prolonged estrus after a few days of diestrus. In only one rats, persistent estrus took place.
Of three LL-0 rats sacrificed at 32-47 days after reserpine treatment, two exhibited Endocrinol.
Japon. April 1976 3 estrous cycles and one exhibited 4 estrous cycles before they became persistent-estrous.
Discussion
From the present results, it was concluded that an anovulatory state can be induced more easily when constant illumination started at 70 days of age than at the day of birth. This coincides with the previous results obtained by Takahashi and Suzuki (1969) and by members of our laboratory (Takeo et al., 1974) . LL-0 rats resumed cyclicity in higher incidence than LL-70 ones by the injection of reserpine for 2 days and the restored cyclicity eventually disappeared by subsequent continuous illumination. This seems to indicate that LL-0 rats have been less affected by the condition of continuous lighting than LL-70 rats, since the former had been subjected to continuous illumination for a longer period than the latter. Histological studies of the ovary in LL-70 and LL-0 rats also supports this view. Further studies will be required to provide the reasons why LL-70 rats were more susceptible to continuous illumination than LL-0 ones. Takahashi et al.(1973) reported that subcutaneous or intraperitoneal injections of serotonin precursor, 5-hydroxytryptophane (5-HTP), effectively induced diestrous smears and resumed reproductive cyclicity in lightinduced estrous rats. On the other hand, it has been reported that 2 pools of 5-HTP decarboxylase, an enzyme which formed serotonin from 5-HTP, may exist in the brain and lend support to the concept that serotonin derived from exogenously administered 5-HTP is biochemically different from serotonin formed from endogenous precursors (Brodie et al., 1962; Drain et al., 1962; Hirsch et al., 1962) . Therefore, although 5-HTP has been shown to enter the brain and to induce an increase in serotonin levels (Bogdanski et al., 1958) , it is unclear whether the physiological action of serotonin is actually increased or decreased by exogenously administered 5-HTP.
Reserpine causes a marked reduction in the concentration of brain serotonin (Brodie et al., 1957) , presumably because this drug blocks the normal storage mechanism for serotonin in intraneuronal granules or vesicles. This effect is not specific for serotonin since catecholamines are also depleted (Bertler et al., 1956; Holzbauer and Vogt, 1956) . Although levels of serotonin are reduced by reserpine, the rate of serotonin synthesis is increased (Tozer et al., 1966) . Thus, from the present results, the restoration of cyclicity by reserpine administration in persistent estrous rats of LL-0 group suggests that the elevation of endogenous biogenic amines and/or the inactivation of turnover rates of amine metabolic (or synthetic) pathways in brain has something to do with the induction and maintenance of persistent estrus by continuous illumination.
Further studies are under way to get a definite conclusion.
